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DECLARATION OF DR. PETER KRUG 

I, Dr. Peter Krug, residing at 23 Dal'ecroft Crescent, Ottawa, in the Province of Ontario, 
Canada declare as follows: 

1 . I am a Senior Scientist in the Advanced Photonic Components Group at the Department . 
of Electronics of Carleton University in Ottawa, Ontario, Canada. 

2. I have been involved in research, development and testing of photonic components, 
including gratings, used in lasers and other optical devices for over 20 years. Before joining 
Carleton University's Department of Electronics, I worked at or as a consultant for several 
companies, including Dipix Technologies, Spartan Bioscience, OneChip Photonics, Numetrica, 
EcoVu, Metconnex, Optenia, and Zenastra Photonics (where I managed grating research), as 
well as at research centers, including the Centre for Ultrahigh Bandwidth Devices and the 
Optical Fibre Technology Centre of the University of Sydney in Australia. In addition, I was the 
Fiber Optics Topical Editor fox Applied Optics from 1995 to 1997, and I have been a member 
and subcommittee chairman of the Technical Program Committee of the Optical Fiber 
Communication (OFC) Conference. I have also published and presented nimierous papers on 
gratings and I am a named inventor on two U.S. patents pertaining to gratings. 

3. I have reviewed the present patent application, the Final Office Action of July 1, 2008, as 
well as the main references cited in the Final Office Action, namely U.S. Patent 5,910,962 to Pan 
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et al. ("REFl"), the article *T)ual wavelength modelocked fiber laser" by Town et aL ("REF2'0, 
and the article "Wide-band Fabry-Perot-like filters in optical fiber" by Town et al, ("REF3"). 

4. I believe that the combination of REFl with REF2, which refers to REF3, neither 
discloses nor renders obvious doped fiber having a superstructure gratiag which forms at least 
three cavities each occupying a respective portion of the fiber that is unoccupied by any other 
one of liie cavities such that, when an energy signal is applied, different laser wavelengths 
resonate in respective ones of the cavities. 

5. I believe that the set of pairs of Bragg gratings forming REFl's fiber lasers 22A-22D 
would not be considered a "superstructure grating". The expression "superstructure grating" is 
well-known and used by those ordinarily skilled in the art to refer to a grating structure 
fabricated with a modulated exposure over the length of the grating structure. Exhibit "A" to this 
Declaration contains a copy of page 1 14 of the book "Fiber Bragg Gratings" by A. Othonos and 
K, Kalli, Artech House, Boston and London (1999), which supports this. One characteristic of 
the grating structure constituting a superstructure grating is that there is a well-defined phase 
relationship between all the parts of the grating structure. Hie set of pairs of Bragg gratings in 
REFl do not constitute a grating structure that is fabricated with a modulated exposure over the 
length of the grating structure. Rather, the sections of fiber between the Bragg gratings in EEFl 
have not been subject to any modulated exposure. Also, each pair of Bragg gratings in REFl 
does not have (nor does it require) any particular phase relationship with other ones of the 
grating pairs. Therefore, the set of pairs of Bragg gratings in REFl would not be considered a 
"superstructure grating". 

6. In REF2, the two overwritten chirped gratings of the comb filter do not form any cavity 
in which resonates a laser wavelength. Rather, in REF2, there is only one laser cavity and it is 
formed by the entire optical loop shown in Fig. 1, iucluding the erbium-doped fiber amplifier 
(EDFA), the chiiped grating on each side of the EDFA, and the comb filter (p. 1459, 2^"^ col., 1^' 
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parag., line 1). The comb filter is a passive filter that is contained within the laser cavity to allow 
passage of specific wavelengths, but does not itself form any cavity ia which resonates a laser 
wavelength. 

7. The two overwritten chirped gratings of the comb filter in REF2 do not form three or 
more cavities each occupying a respective portion of the fiber that is unoccupied by any other 
one of these cavities. Specifically, the two overwritten chirped gratings of the comb filter in 
REF2 are fabricated as discussed in REF3 (p. 1459, col. 2, 2°*^ parag., line 10). REF3 discusses a 
Fabry-Perot (FP) resonator made by overlapping two linearly chirped gratings each 4 mm long 
with a displacement of 0.5 mm between them (p. 79, col.., lines 14 to 17; p. 79, col. 2, line 1 
to p. 80, col. 1, line 4; and Fig. 4). Exhibit "B" to this Declaration contains a copy of a paper 
entitled "Wide-band Fabry-Perot-like filters in optical fibre" by Town et al., published hx Lasers 
and Electro-Optics Society Annual Meeting, 199 A, UEOS '94 Conference Proceedings, IEEE, 
and confirming that each of the two linearly chirped gratings of the FP resonator of REF3 is 4 
mm long (p. 144, section 4, lines 1 to 3). Exhibit "C" to this Declaration shows a gr^hical 
representation of this FP resonator. In this representation, each of the two chirped gratings is 
represented by a tilted mirror which shows the positions along the optical fiber (horizontal axis) 
at which different wavelengths are reflected (vertical axis). Since each grating is linearly chirped 
and has a length of 4 mm and since REF3 specifies that the FP resonator has a spectral range of 
175 mn indicating that it reflects wavelengths within this spectral range, the slope of the tilted 
mirror representing each chirped grating is about 44 mn/mm. REF3 also specifies that the FP 
resonator has a free spectral range (FSR) of 1 .5 imi, meaning that wavelengths transmitted by the 
FP resonator are spectrally spaced by L5 nm. The cavities in which resonate these wavelengths 
are represented by bidirectional arrows in the graphical representation of Exhibit "C", As can be 
seen, neighbouring cavities overlap so much that every cavity, except the first and last cavities, 
does not occupy a portion of the fiber that is unoccupied by any other one of the cavities. Rather, 
any portion of the fiber occupied by any cavity, except the first and last cavities, is also occupied 
by a portion of the fiber that is occupied by another cavity. For example, as shown in the zoomed 
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insert, the cavity X altogether occupies two portions Pi (in one diagonal hatching) and P2 (in an 
opposite diagonal hatching) of the fiber, with the portion Pi also being occupied by the cavity Y 
and tiiie portion P2 also being occupied by the cavity Z. 

8. Therefore, I conclude that fabricating the two overwritten chirped gratings of REF2 (as 
discussed in REF3) on a doped optical fiber would not form at least three cavities each 
occupying a respective portion of the fiber that is unoccupied by any other one of the cavities 
such that, when an energy signal is applied, different laser wavelengths resonate ia respective 
ones of the cavities. 

9. I believe that it would not have been obvious to fabricate two overwritten chirped 
gratings as in REF2 or REF3 on a doped optical fiber such that they form at least three cavities 
each occupying a respective portion of the fiber that is unoccupied by any other one of the 
cavities such that, when an energy signal is applied, different laser wavelengths resonate in 
respective ones of the cavities. Firstly, nothing in REF2 or REF3 would lead one to contemplate 
designing the two overwritten chirped gratings to ensure that they form such three or more 
cavities, let alone to estabUsh how the chirp of these gratings woxild have to be selected to do 
this. Secondly, in both REF2 and REF3, the two overwritten chirped gratings are located on a 
passive portion of the fiber (i.e., a portion that is not doped to form a gain medium) and tiiere 
would be no apparent reason to contemplate fabricating such overwritten chirped gratings on an 
active portion of an optical fiber. 

1 0. For the reasons discussed in paragraph 9, 1 believe that it would not have been obvious to 
incorporate the two overwritten chirped gratings of REF2 (fabricated as discussed in REF3) into 
the laser source of REFl to form at least Ihree cavities each occupying a respective portion of Ihe 
fiber that is imoccupied by any other one of the cavities such that, when an energy signal is 
applied, different laser wavelengths resonate in respective ones of the cavities. In fact, in the 
unlikely event that one were to replace each pair of Bragg gratings forming a respective one of 
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REFl 's fiber lasers 22A-22D by a respective pair of overwritten chirped gratings from REF2, 
every pair of overwritten chirped gratings in the resulting laser source would form cavities which 
(as described in paragraph 7) overlap so much that any portion of the fiber occupied by any 
cavity, except the first and last cavities, is also occupied by a portion of the fiber that is occupied 
by another cavity. Thus, every pair of overwritten chirped gratings in the resulting laser source 
would not form at least three cavities each occupying a respective portion of the fiber that is 
unoccupied by any other one of the cavities such that, when an energy signal is applied, different 
laser wavelengths resonate in respective ones of the cavities. This would cause high gain 
competition and thus discourage multi-wavelength lasing action. 

1 1 . Being hereby warned that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under 18 U.S,C. 1001, and that such willful false statements may 
jeopardize the validity of the application or any resulting patent, I declare that I am properly 
authorized to execute this declaration; and all statemeffts made of my own knowledge are true 
and all statements made on information and belief/are believed to be true. 
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Abstract 

An Important component in optical systems wliich has to date been difficuit to produce in a format compatible with optical 
fibre systems is the Fabry-Perot (FP) resonator. Although narrow«band devices have been reported with very high finesse, 
for applications in short pulse lasers and high speed communication system a response over several nanometres or more 
is required. The primary problem preventing the fabrication of wide-band filters using unchirped Bragg gratings written in 
photosensitive optical fibre is that the limited An which may be achieved without loss limits the bandwidth of the device. In 
this paper we demonstrate a method to produce Fabry-Perot-IIke staictures In which the bandwidth Is limited primarily by 
the range of chirp that can be produced in the gratitig 
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Wide-band Fabry-Perot-Kke Filters in Optical Fibre. 

2:15pm- 2 :30pm 
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1. Introtiuction 

An important component in optical systems which has to date been difiScuIt to produce in a format compatible 
with optical fi.bre systems is the F^bry-Pcrot (FP) resonator. Although nartow-band derices have been 
reported with very high finesse^, for applications in short pulse lasers? and high speed ctHnmimicafaon systems 
a response over several nanometres or more is required. 

The primary problem preventing the fabrication of wide-band filters using tinc:hirped Bragg gratiagg written 
in photosensitive optical Bbre is that the limited An which may be achieved without loss linjits the bandwidth 
of the device. In this paper we demonstrate a method to produce Fabry-Perot-Iilce etructnres in which, the 
bandwidth is limited primarily by tbe range of chirp that can be produced In thc^ grating. 

2. Theory 

The fiindaznental stmctiire d the resonator is shown achcmaticaliy in figure 1. Ideally eadb grating would 
be uniform in strength and linearly chirped, and ther^zrc act as a wide-band mirror with reflectivity and 
. bandwidth determined by the strength of the grating, the rate of chiip, and the length, of the grating. 
The free spectral range (FSR) and finesse (F) of the resonator, ignoring losses, are then determined by the 
refiecf:iv7.ty of each znkror and the epaditg between the gratings^ as in a standard FP resonator. 

The overall response in transmission of the cavi^ ifeSrmed by the two chirped gratings is equivalent to 
that of a FP rcjsonator formed by two partially transmiswve plane znirrors, except that the phase response 
is modified by transmission tiirough the chln>ed gra-tangs. 

S. Method 

The gratings were fabricated using a dual beam holographic escposurc technique* The fibres were exposed 
lo two interfering beams produced by amplitude division from a CTW frequency doubled aorgon ion laser at a 
wavelength of 244 nm. The chirp was imposed by using dis^milar wavcfronts ia the holographic exposure^ 
achieved by the introduction of a cylindrical lens into one arm of the interferometer. This provided gratings 
in hydrogenated boron/germasia co-doped fibre -with bandwidths in excess of 140 nm from exposures of less 
than one minute^ The hydrogenation process was carried out at room tempera;lrare and IW atmospheres 
pressure for approximafeeiy 5 days. 

The gratings were conseculavely wntten into the fibre, and each exposure was monitored on an optical 
spectmm anaiysKsr. The second grating exposure was halted when the FF fringea readied thar maximum 
modulation depth when measured in reSectiou, 

4. Results 

Figure 2a shows the transmission spectrum of a low finesse resonator measured over it^s entire spectral range 
of 175 nm. In this filter each grating was 4mm long, and the displacement between the two gratings w3s 
approximately 0.5 mm. The measurement was made using erbium fibre flourcseuce and an optical spectrum 
analyser. The data shown is normalisfed agamst the spectrum of the source. 

Figure 2b shows the transmissivity of the same filter over a range of 10 nm. The resonator had a measured 
F=:L6, and FSR=1.6 nm, in good agreement with design parameters. Note that to obtain the large FSR in 
this filter it was necessary to overlap the two gratings in the fibre, however because only low reflectivity was 
required, each grating could be considered linearly independent. 

The transnuBsion spectrum of a different filter with F$It=a,09 nm is shown in figure S, measured around 
1536 nm with a tunable diode laser (HP S168A, linewidth 0.001 nm) and power meter. In this case the 
gratings were 4 mm long, and separated by B mm. When measxured armmd 1650 nm, the same filter 
displayed the same fiinge spacing and finesse as measured at 1536 nm. Other Fabry-Ferot-lifce resonators 
have also been fabricated with free spectral ranges fifom 0.09 to 11.27 nm. 
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fi. Conclusion 

Wide-baad P^biy-Perofc-likc resonators may be fabricated in photosensitive optical jSbres iising distributed 
mixrors formsd by chirped Bragg gratings. The resonsfcozs are suitable for use in many applications indudlsg 
pulse multipliqation in c^ort ptslae fibre lasers, and fcequeacy-i^diiig filters for sollton systems. 
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